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The fundamental objective in our research group is to understand the physical mechanisms that control
displacement performance in gas injection processes and use that understanding to develop efficient and
accurate computational tools for prediction of project performance at field scale. In this paper, we will present
our research work on the design of efficient streamline methods compositional reservoir simulations.

Previous research on the interplay of viscous fingering, gravity segregation and permeability heterogeneity
indicates that in many reservoir settings, the flow is dominated by the heterogeneity of the reservoir rocks. Thus
any simulation tool that we use for field-scale predictions must be able to handle high resolution representations
of the heterogeneous permeability field if it is to represent the flow realistically. In addition, gas injection
processes are fundamentally compositional. It is the interaction of phase behavior and flow that controls local
displacement efficiency in high pressure gas drives. Compositional simulation is appropriate for such flow
systems. Unfortunately, conventional compositional finite difference simulators are too computationally intense
for high resolution 3D computations to be practical, and computations with coarser grids are generally badly
affected by numerical dispersion.

We are developing the streamline compositional simulation approach for gas injection processes. Streamline
methods decompose the problem into a 3D pressure solve used to determine the streamlines and a set of 1D
computations along those streamlines that represent the physics and chemistry of the displacement. The
streamline methods are fast if the flow is dominated by heterogeneity as the positions of the streamlines change
slowly in time allowing for larger time steps relative to the FD approach. In addition, streamline methods are
natural candidates for parallel computations and adaptive mesh refinement on the pressure grid as well as the
streamline grid.

Along the streamlines we move the components using analytical solutions for multicomponent displacements
whenever possible. The analytical solutions were recently derived in our group for 2-phase flow and constant
initial conditions [1]. The combination of streamlines and analytical solutions is competitive with conventional
finite difference compositional simulations and can be obtained with orders of magnitude less computation time
[2]. When analytical solutions are insufficiently accurate, we use high order upwind finite difference methods to
move the compositions [3]. We are currently investigating high order streamline tracing and streamline
mapping algorithms to increase accuracy, and are implementing adaptive mesh refinement techniques to further
improve efficiency.
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